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FOR THE PAST two years, we have been engaged in a research project under the
auspices of the National Aeronautics and Space Administration, concerning the possibility of there being differences in the electroencephalograms of monkeys during
the performance of learned tasks in simulated space flight conditions. The monkeys
are given a set of tasks to perform that require up to three minutes for completion.
Each set of tasks was presented every half-hour over a 48 hour simulated f\is.ht. The
EEG was recorded three minutes previous to the presentation of the tasks, during
the presentation and for three minutes after the completion of the presentation, a
total of nine minutes out of every half-hour for a 48 hour period. Recording at
only 1-1/2 cm. per second paper speed, the length of the total EEG recording of
14 hours and 20 minutes out of 48, provided a mountainous amount of data. A
careful visual examination such as is done in the clinic, is not practical with such
a vast amount of information; however, a fairly rapid perusal of the entire record
of each flight did suggest that there was a difference in the recordings from those
monkeys that performed well on their tasks and those monkeys that did not perform
well. This difference appeared to be in the amount of theta activity present in each
recording, (theta activity being considered those frequencies in the 4 to 7 per second
range). The magnitude of the task of manually computing this data precluded this
method as a means of confirming or denying our impression. Machine computation
was the obvious answer, so a system was devised whereby a computer could be used
to test our impression of the relationship of theta activity in the monkey EEG with
the animal's abihty to perform a learned task.

METHODS

I . Data Acquisition — Nemestrina monkeys are trained to respond both to
an oddity test and to delayed performance task. After their performance level has
reached a certain criteria, three metal electrodes are screwed into the skull of the
1 This investigation is being supported by the National Aeronautics and Space Administration
project No. NASr-83.
* Department of Neurology and Psychiatry.
** I.B.M. Corporation.
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monkey, two on either side of the midline and one at the vertex equidistant from
each other and these are connected by wires to a receptacle that is anchored to the
skull. These are retained by the monkey throughout the remainder of his laboratory
use. During the simulated space flight, these electrodes are connected to an electroencephalograph machine that is situated physically outside the experimental environment. A means of telemetering the EEG from the monkey to this external recording
equipment and the behavioral testing apparatus are both controlled by a common
timing system. The recorded analogue signal is then digitized. The digitized tape
is then processed by our 1620 system. (I.B.M.).
I I . Processing Technique — A program has been written whereby it is possible
to select only certain frequencies of an analogue signal and reject unwanted frequencies.
An initial baseline is arbitrarily chosen and the frequencies are selected according
to the zero-crossing of the function at this baseline. By this method, we are able
to quantify the total time of the three minute performance period during which theta
activity (4 to 7 per second) is present. There are 96 such three minute periods
in one simulated space flight. We successively and additively sum the appearance
of this theta activity for each of the 96 intervals. A line drawn through the maximum
of each of these intervals represent the function of the theta activity for the total
flight. We repeat this process for each simulated flight, thus acquiring a family of
curves (see figures 1, 2 and 3) which represents the total amount of theta present
in both good and poor performance states. An assumption is made that the presence
of the theta activity is due either to drowsiness on the part of the monkey or disorganization of his processes of mentation without drowsiness. In order to get a
clear separation, both in regard to performance and to the source of the theta activity,
the derivative of each of these curves was computed.
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Figure I
Plot each integral as a function of time in a cumulative fashion and let the best fit
line through these points represent a function [F(V(9)1.
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IMMEDIATE GOALS

By using both the total amount of theta present in a single flight and the rate
of change of the theta over the time of the flight, it is hoped that reliable information
can be had for the prediction of behavior a considerable time in advance of the
actual performance.
By using small sample ordered statistics in a study of the families of curves
obtained by the frequency procedures, we would hope to obtain adequate confidence
levels for the prediction of behavior; however, this is not a part of this presentation.
DISCUSSION

We would have you note that in the title of our presentation, we said that we
were identifying the EEG in a behavioral problem. From the foregoing description
of our methodology it can be seen that, that is really all we are doing; identifying
certain features in this electrical recording which are apparent to our eyes. We
feel that this is a necessary limitation in the initial stages of this research for the
term EEG has not been properly defined in the area in which we are working.
Let us further explain what we mean by the EEG not being defined in the area in
which we are working. The term classical EEG denotes the electrical recording of
potential changes in the brain through electrodes that are in themselves, not touching
the brain, but placed either on the surface of the skull or the scalp. This technique
has been used both in the clinic and in the experimental laboratory. However, in
both cases, further limitations have been placed upon the real meaning of the term.
In the clinic, the patient is placed in a relaxed position in a quiet environment with
hght and sound reduced to a minimum, and the eyes are kept closed except for
brief periods of their being open on command. In the research laboratory, much
the same has been true of the animals. They have been made immobile either by
medication or if an intact animal is used with implanted electrodes, the animal is
usually allowed to go into a resting state before meaningful recording of EEG is
done. When such states are maintained, the description of this EEG has been fairly
universally accepted, and this consists in general of a recording which varies in
amplitude between 20 and 100 microvolts with frequencies in the range of 1 to 70
cycles per second. This frequency spectrum is further divided into groups of frequencies
which are defined as slow waves or delta activity of 1 to 3 cycles per second, theta
activity of 4 to 7 cycles per second, alpha activity of 8 to 13 cycles per second and
above that the beta rhythms. The normality or abnormality of these records is based
upon the appearance of these various frequencies with respect to both time and
electrode position during the recording, and of the age and clinical condition of the
patient. Likewise in the laboratory, the appearance of the recording under certain
"control conditions" is compared to the '"experimental condition'". When these conditions are not imposed on the subject, the resultant record is usually discarded as
unreadable because of ""artifact" present.
The very definition of our problem precludes our placing such limitations upon
the subject, for we must observe this electrical recording while the subject is actually
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performing a task which involves the use of both his eyes and his body. The EEG
recorded under such conditions would be considered unreadable by clinical standards,
for such a record would consist in most part of gross potential changes of high
amplitude and long periods that are outside the range of what is usually considered
normal EEG wave forms. Since these potentials are potentials generated by the brain,
both from intrinsic mechanisms and movement of the brain in space, we cannot
filter out these unrecognizable potentials by instrumentation. We are faced then
with the problem of ""analyzing" an unfamiliar potential function obtained by a very
familiar method. Accepting this task, we at first scanned this unfamiliar function for
certain familiar characteristics for which we have some intuitive understanding.
The theta function which is the subject of our initial investigation, we have
defined very simply as those wave forms which have a period of not more than 1/4
of a second nor less than 1/7 of a second. Wave forms that fall within this frequency
range are rather easily identified by quick visual scanning of an ink-written analogue
record. We chose this activity not only because there was a visual impression that
there was some change in the amount of this activity under different circumstances in
these 48 hour ""orbits", but also in actually counting Ihe different periods of behavior
conditions under which this theta activity was present. There was some further evidence that a relationship did exist between this activity and the performance of the
animal. For a more formal calculation of the amount of this activity under any
given circumstance, we limit our definition of theta function to simply the frequency
range without consideration of amplitude or pattern; that is, whether it occurred in
a random fashion or in a burst pattern. In clinical electroencephalography, the theta
frenquency itself has no special meaning, but has meaning only in relationship to
certain conditions. For example, the normal background pattern of infants quite often
shows predominantly a theta rhythm. In the adult, some theta activity in the temporal
regions is not considered abnormal, and in the condition of drowsiness in approaching sleep the theta pattern is usually a prominent feature of the recording. In this
particular instance the wave form usually is of moderate amplitude and fairly monorhythmic in its character. In certain seizure states, particularly those involving
temporal lobe lesions, the so-called sharp-wave activity is within the theta frequency
range. The animals used in our experiments are free of any organic brain lesions,
so we must account for the theta activity as a physiologic function. In our initial
attemps at relating the appearance of theta activity with behavior, it did appear that
this theta activity was not always related to drowsiness in the animal. In view of this,
we made an assumption that the appearance of theta activity is due either to one of
two physiologic factors: (a) drowsiness or (b) impairment of the processes of mentation. In the former case we would expect the amount of theta activity present from
time to time to vary, but slowly, over long periods; on the other hand, if the theta
activity is related to impaired mentation which in turn is related to long periods of
isolation under the test conditions, we could expect an ever-increasing amount of
theta with time in monotonic fashion. I f these things are true, the derivatives of the
theta function in time should then show a marked dichotomy. The overall results of
this method of analysis will depend upon the degree of refinement of our definition
of the theta function. The amplitude must be considered and defined as to its limits
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and its role. Movement potentials could be expected to mask much of the visual
observation of the theta function and a correction factor to this masking must be

sought.
In addition to the simple quantification of the theta function, a mathematical
analysis of the function is also desirable. In clinical EEG, there appears to be a
dominant frequency of about 4 cycles per second in the theta function associated
with drowsiness. It would be hoped that determining power spectra of the theta
function in both the states of drowsiness and the states of impaired mentation might
produce different characteristics in the power spectra. The analysis could be carried
further with cross correlation of the theta function in both performance and nonperformance intervals.
The performance tests are routine psychological tests, e.g., oddity, delayed response, etc., the animals (monkeys and chimpanzees) having been trained to above
an 85 percent correct performance level. The tests are automatically programmed
and automatically recorded. At first the recording was on paper tape, but is now
recorded on magnetic tape along with the EEG signal. This recording shows not only
the correctness of the response, but the latency of the response, and finally the appearance of initial ocular scanning movements.
Using computer methods and suitable statistical procedures, these psychological
measurements can be related to the EEG function.

CONCLUSION

We have devised an approach to the solution of a complex bio-medical problem
using a method of systems development, whereby constant upgrading is an essential
feature.

CORRECTION
The Publications CommiUee regrets that errors appear in the authors' names in the paper
Joint Pain and Pulmonary Disease", the BULLETIN 1 1: 339, Sept. 1963. Dr. Bower's
initials are G. C, Dr. Brinkman's are G. L. and Dr. Friedman's first name is Leon.
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